Um novo método para oxidação regiosseletiva de trans-chalconas com peróxido de hidrogênio em acetonitrila para fornecer ácidos cinâmicos é reportado. Somente os ácidos trans-b-arilacrílicos foram obtidos. Um largo intervalo de produtos funcionalizados pode ser efetivamente produzido a partir de várias chalconas com rendimentos de bons a excelentes.
Introduction
The oxidation reaction, especially that of a,b-unsaturated ketones is an important method for the conversion of functional groups in organic synthesis. [1] [2] [3] [4] Hydrogen peroxide is an environmentally benign oxidant as the only by-product after oxidation is water. 5, 6 a, b-Unsaturated ketones can be oxidized to various oxidation products by hydrogen peroxide in different reaction conditions, 7, 8 including products of oxygen insertion and epoxidation reactions. However, few reports mention that a, b-unsaturated acids can be obtained from a, b-unsaturated ketones using hydrogen peroxide as the oxidant.
Arylacrylic acids especially cinnamic acids are useful and versatile intermediates in organic synthesis, which can be used in flavors, synthetic indigo and certain pharmaceuticals. [9] [10] [11] Several methods have been reported in the literature for the synthesis of cinnamic acids. Currently, they are commonly obtained by two methods: (i) the reaction of various benzaldehydes with malonic acid in the presence of different catalysts such as pyridine, piperidine and others; 12, 13 (ii) palladium-catalyzed Heck reaction of aryl halides and acrylic acid. 14, 15 But these reactions are of some disadvantages such as being sensitive to water or oxygen. Dakin oxidation, which can convert 2-hydroxybenzaldehyde or 4-hydroxybenzaldehyde to benzenediol, has been commonly used in the synthesis of phenols. However, to the best of our knowledge, access of arylacrylic acids by the Dakin oxidation has not been reported to date. Herein, it is reported a unique and highly selective of chalcones using K 2 CO 3 as base in acetonitrile under mild conditions, and versatile arylacrylic acids are directly formed from chalcones in good yields and with excellent regioselectivities.
Tanaka et al. 16 recently reported that 2'-hydroxychalcones can be oxidized to flavanols in a water suspension medium and have better yields than in an ethylenediaminedioxane system, while in acetone-water, the epoxides were obtained as the main products. 17, 18 Our group envisioned that solvents might play an important role in the oxidation of chalcones and potentially alter product distribution.
Results and Discussion
To test this hypothesis, our group started the study on the oxidation of 2'-hydroxychalcone (1a) in the presence of the K 2 CO 3 -H 2 O 2 system at room temperature. To our delight, the oxidation of 2'-hydroxychalcone indeed afforded cinnamic acid in 90% yield in acetonitrile.
In order to elucidate the influence of the solvents, several solvents were examined for the oxidation of 2'-hydroxychalcone with hydrogen peroxide. Table 1 shows Vol. 24, No. 3, 2013 some of the results. From these experiments, it was found that trans-cinnamic acid was obtained in high conversion and good yield, employing K 2 CO 3 as the base in acetonitrile at room temperature. Under this condition, pyrocatechol as the lost part of chalcone is not stable, 19, 20 and can be removed during the water washing step. On the other hand, no product was observed in toluene, dioxane and water. Ionic liquid [bmim][BF 4 ] used as solvent was also examined. 21 However, traces of trans-cinnamic acid (2a) were observed even though NaOH was employed as the base. The Dakin oxidation of aromatic aldehydes using H 2 O 2 /H 3 BO 3 in the presence of sulfuric acid was reported. 22 However, it is ineffective for the oxidation of 1a.
Encouraged by these results, different alkali metal carbonates and organic base for the oxidation of 1a at room temperature were screened (Table 1) . In contrast to Na 2 CO 3 , higher yield of 2a was observed employing K 2 CO 3 as the base. The yield evidently went down from 90 to 79% when the amount of K 2 CO 3 was reduced to half. However, the yields sharply decreased in Cs 2 CO 3 and diethylamine conditions in which 3-hydroxyflavanone is the main byproduct. The application of NaOH had no obviously yield increase effect, except short reaction time.
From an environmental point of view, it was employed K 2 CO 3 , an inexpensive and safe base, for following research.
With an optimized oxidation system in hand, it was then examined the generality of this protocol. As shown in Table 2 , all reactions proceeded smoothly and afforded the desired products in good to excellent yields upon isolation. Notably, the halogen substituted chalcones needed more reaction time to afford the corresponding arylacrylic acids in good yields. Electron-withdrawing and electron-donating substituents on the benzene ring were also tolerated. For example, cinnamic acids with o-methoxy and p-methoxy groups can be obtained in favorably yields. The nitrosubstituted chalcones can be employed to produce the nitrocinnamic acids in excellent yields. It was observed that electron-withdrawing substrates exhibited more reactivity than electron-donating substrates. However, the dimethylamino group has little effect on the reactivity of reaction with a yield of 85%. Interestingly, (E)-3-(benzo [ Reaction conditions: unless otherwise specified, all reactions were carried out with 1 (1 mmol), K 2 CO 3 (10 mmol) and 30% H 2 O 2 (0.5 mL) in 1 mL acetonitrile at room temperature; b yield of isolated product; NR: no reaction. To understand this oxidation further, it was focused on the substituents on the other phenyl. Clearly, it can be found that the position of hydroxyl on this phenyl ring is critical for this transformation (Table 3) . 2'-Hydroxy chalcone can afford the trans-cinnamic acid easily. Moreover, the methoxy group at 4'-position can promote this oxidation slightly. However, no product was obtained when hydroxyl was at the 3'-position or no hydroxyl existed.
Experimental

General methods
Nuclear magnetic resonance (NMR) spectra were recorded on a Bruker-300 MHz spectrometer. Chemical shifts are reported relative to TMS (tetramethylsilane), coupling constants are given in hertz. Melting points were measured on a WRS-2A melting point apparatus and are uncorrected. Commercial reagents were used as received. Analytical-grade solvents and commercially available reagents were used without further purification.
General procedure
To a 5 mL round bottom flask equipped with a stir bar, trans-2'-hydroxychalcone 1a (1 mmol), K 2 CO 3 (1.38 g, 10 mmol), 35% H 2 O 2 solution (0.5 mL) and 2 mL acetonitrile were added. The reaction was stirred at room temperature and monitored by TLC (thin layer chromatograph) until disappearance of the starting material. The solvent was evaporated with reduced pressure. To the residue, it was added 1 mol L -1 hydrochloric acid, the solid was filtered to afford 2a as white solid (133 mg, 90%); 1 
Conclusions
In conclusion, it was reported a novel method for the regioselective oxidation of chalcones with hydrogen peroxide in acetonitrile to afford cinnamic acids, utilizing K 2 CO 3 as the base. Only trans-b-arylacrylic acids were observed. A wide range of functionalized cinnamic acids can be effectively produced from various chalcones in good to excellent yields. Our group is convinced that this procedure is and will be of significant value for the synthesis of a variety of trans-b-arylacrylic acids, which are important for organic chemistry.
